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@ Magnetic-shielding material.

& A magnetic-shielding material comprising a FIG |
laminated-structure layer of soft magnetic amor- 1
phous alloy flakes, said soft magnetic amorphous _\
alloy flakes being of 5 to 100um thick and 10 -15000

in aspect ratio (ratio of maximum length to maximum

thickness) is provided.

NN
) Al P SN N
02 \,o/:;/_.l_’,\/qv}y_?//‘,;
] AT
oSl

)

EP 0 239 052 A2

Xerox Copy Centre



1 0 239 052 2

Magnetic-shielding material

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a magnetic-
shielding material.

Description of the Prior Art

Precise electric instruments, such as those for
measurement frequently causes error in measure-
ment value or erroneous operation when exposed
to leakage flux from household electric appliances,
office automation apparatus, building steel frames,
etc. Also terrestrial magnetism may affect adverse-
ly precise electrical instruments. Thus for example,
countermeasure is teniatively taken that a mea-
surement room in which precise electrical instru-
menis are disposed is enclosed with magnetic
shielding material for protecting them against exter-
nal magnetic field. As much magnefic-shielding
material are used silicon steel shest or permalloy.
These however are disadvantageous in having so
poor magnetic-shielding ability that they are re-
quired to be processed into considerably thick
sheets for use, reflecting on inconvenience and
uneconomy.

Attention is being paid to amorphous alloys
useful as various functional materials, which have
distinguishable chemical and mechanical properties
from those of crystaliine alioys. Above all iron-or
cobali-based amorphous alloy has not crystal an-
isofropy, and exhibits greatly superior soft mag-
netic properties associated with it, i.e. very small
coercive force and high magnetic permeability.
Thus it is promising to be put into practice by the
utilization of these properties.

On the other hand, amorphous alloys are usu-
ally available in the from of ribbon (several tens um
in thickness and 100mm in width), which must be
cut into pieces and laminated to be processed into
sheets of desired dimensions. In this processing,
cutting may be accompanied by occasional dam-
age, and lamination presents problems of super-
position and bonding. Besides a desired thickness
is obtainable only by laminating a number of lay-
ers, thus with many processes, reflecting unfavor-
ably on producibility.
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OBJECT AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present in-
vention 1o provide a magnetic-shielding material
superior in magnetic-shielding ability against exter~
nal magnetic field including stafic and low fre-
quency magnetic field and high in producibility.

As the resuit concentrated endeavor to study,.
the inveniors have discovered that a magnetic
amorphous alloy is processed into flakes, and a
magnetic-shielding material comprising laminated
magnetic amorphous alloy flakes is made. The
thus-obtained material remaining fo have the
above-mentioned satisfactory superior properties of
magnetic amorphous alloy and besides having high
producibiiity. On the basis of this, the present in-
vention has been accomplished.

The magnetic-shielding material according to
the invention is a construction material having a
layer of soft magnetic amorphous alloy flakes of
thickness 5-100 um and aspect ratio (ratio of maxi-
mum length to maximum thickness) 10-15000.

Soft magnetic amorphous alloy flakes (referred
to as amorphous alloy flakes hereinafter) of less
than 5um in thickness are difficult to be made and
those exceeding 100m in thickness sparingly be-
come amorphous. Therefore suitable thicknesses
are within the range between 5 and 100um. prefer-
ably 20 and 60um.

In amorphous alloy flakes, aspect ratios less
than 10 are associated with lower magnetic per-
meability, and accompanied by change in magnetic
characteristic. Additionally lamination, becomes dif-
ficulty. Thus in this case, the magnetic-shielding
ability becomes deteriorated. On the other hand,
aspect ratios exceeding 15000 makes work for
amorphous alloy flakes troublesome and the pro-
ducibility lower. Thus specially suitable aspect ra-
tios are within the range of 50 to 10000.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate embodiments of the

present invention:

Fig.1 is a plane view of a magnetic-shielding
material; ’

Fig.2 is a cross-sectional view of the same in
an enlarged scale;

Fig.3 is a schematically-illustrative view of
the parts of a leakage flux measuring instrument:
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Figs.4 and 5 are graphical representation,
with a magnetic-shielding material, of the reiation-
ship between leakage flux under an impressed
magnetic field and weight of per unitary area
(kg/m?);

Fig.6 is a graphic representation of magnetic
field strength-leakage flux curve;

Fig.7 is a graphic representation, with a
magnetic-shielding material, of the relationship be-
tween leakage flux under an impressed magnetic
field of 2 gausses and weight per unitary area
(kg/m?);

Fig.8 is a graphic representation. with a dual
component (two types of amorphous alloy flakes)
magnetic-shielding material, the relationship be-

tween magnetic field strength and leakage flux; and ™

Fig.9 is a graphic representation of the rela-
tionship at a different aspect ratio between leakage
flux and weight per unitary area (kg/m?).

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figs.1 and 2 show plane view with the refer-
ence character 3-designated upper sheet removed
and an enlarged cross-sectional view, respectively,
of a magnetfic-shielding material embodying the
invention.

The magnetic-shielding material 1 is of con-
struction material consisting of two outer layers or
sheets 3 of glass, acryl, vinyl chloride, epoxy or
phenol resin and a layer 2 of amorphous alloy
flakes interposed between them.

The magnetic-shielding material is manufac-
tured by uniformly distributing predeterminedly-
weighed amorphous alloy flakes between the
sheets 3 and subsequently setting them there-
between. This can be accomplished very easily, in
particular without needing any binder. In additional
alternative embodiment of the invention may be
suitably chosen, for example, the so called hot
melting method comprising uniformly distributing
soft magnetic amorphous alloy flakes between two
sheets, one or both of which are provided on the
internal surface with a binder resin coated, then
heating under pressure to cause the binder resin to
melt and penetrate among the amorphous alloy
flakes, and subsequently causing them with aid of
binder resin to be bound together to form an in-
tegrated magnetic-shielding sheset. In this case, in-
dividual amorphous alloy flakes 2 are distributed
uniformly and directed at random, thus to form
undirectional lamination. On the other hand, lamina-
tion of amorphous alloy ribbon or crystalline alloy
strip is inevitably accompanied by repeated cutting
and complex binding in cross directions and a
variety of angle degrees for undirectional arrange-
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ment, with the consequent much troublesome work.
Furthermore, as an alternative embodiment of the
invention, diréctional arrangement of the amor-
phous alloy flakes, if desired, can be realized by
subjecting them to uniform distribution under the
condition where somewhat magnetic field is ap-
plied, thereby the amorphous alloy flakes are ar-
ranged in their longitudinal direction.

The use of resin film instead of sheets 3 as of
resin may impart flexibility to the magnetic-shield-
ing material to make it convenient to be used for
some purposes. Such a flexible magnetic-shielding
material can be manufactured by the so-called
vacuum packing technique comprising uniformly
distributing amorphous zlloy flakes between two
resin films and subsequently causing them to ad-
here closely under reduced pressure between
them.

in the method according to the invention com-
prising causing two sheets or films between which
amorphous alloy flakes are distributed to adhere
closely under reduced pressure between.them, the
amorphous alloy flakes are forced to get together
more densely and compactly with the effect of
improving the magnetic-shielding ability.

The magnetic-shielding ability of the amor-
phous alloy flake is based on its chemical com-
position involved in soft magnetism. The cobalt-
based amorphous alloy flake of magnetostriction (-
10 to +10) * 10~* and magnetic permeability 1000
or more has a somewhat relatively low magnetic
flux density and, magnetic-shielding material con-
taining such flakes is required to have somewhat
larger thickness against strong magnetic field but
exhibits exiremely good magnetic-shielding ability
against weak magnetic field. Against strong mag-
netic field, the iron-based amorphous alloy flake of
saturated magnetic flux density 12000 or more
gausses exhibits a good magnetic-shielding ability
even if used for a magnetic-shielding material of
small thickness. Effective magnetic-shielding over
the range of from strong magnetic field to very
weak magnetic field up to the terrestrial magnetism
results from disposition in layers or mixed state
cobali-based amorphous alloy flakes of mag-
netostriction (-10 to +10) * 10-° and magnetic
permeability 1000 or more and iron-based amor-
phous alloy flakes saturated magnetic flux density
1200 or more gauses. :

Amorphous alloy flakes can be manufactured
by cutling ribbon or the known melt/extraction
method. It is preferred from the view point of
producibility and capability of thinning the edges of
amorphous alloy squamose flakes to apply the
cavitation process disclosed in Japanese laid-open
patent No.6807/1983, which comprises feeding a
molten metal on the surface of the roller running at
a high speed, the surface having a relatively small

\
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wettability to the molten metal, to brake the molten
metal into fine molien droplets, and subsequently
dashing the droplets against a metallic rotary mem-
ber running at a high speed o solidify rapidly
them.

The invention will be described more fuily by
way of examples hereinafter:

Example 1

According to the above-mentioned cavitation
process, amorphous alloy flakes of an elemental
composition: Co 68.8%, Fe 4.2%, Si 16% and B
11% (referred to as Cegg Feq2SisB.) were pre-
pared and its properiies were as follows: mag-
netostriction 0, saiurated magnetic flux density
7000 gausses, magnetic permeability 10000, aver-
age thickness 40um and aspect ratio 200 to 500.

Using the obtained amorphous alloy flakes, the
magnetic-shielding material 1 as illustrated in
Figs.1 and 2 was manufactured under ordinary
pressure according to the above-described pro-
cess. The outer layers 3 were of acrylic resin and
bound together at their edges by the use of a
binder (not shown).

The resulfing magnetic-shielding material in the
form of construction sheet was investigated of their
magnetic-shielding ability with an apparatus shown
in Fig.3, in the following way: There is provided a
magnetic field source comprises a core 4 consist-
ing of electromagnetic steel sheets or silicon steel
sheets and a magnetizing coil 5 wound about the
core 4. Exciting current was caused to flow through
the magnetizing coil 5, and magnetic flux 6 was
generated from the magnetic field source. Then the
sirength of leakage flux through the magnetic-
shielding material 1 was measured by means of a
detection coil 7 at a distance of 100mm
(designated by I, in the Figure) from the end plane
of the core 4. On the basis of the thus-obtained
results, magnetic-shielding ability was evaluated.
The magneticshielding material 1 was disposed at
a distance of 15mm (designated I, in the Figure)
from the detection coil 7 towards the core 4. The
strength of magnetic field which reflects magnetic
flux 6 can be changed with excifing current through
the magnetizing coil 5.

Using the instrument illustrated in Fig.3, leak-
age flux transmitting through a sample of magnetic-
shielding material was measured. The magnetizing
coil 5 was connected to DC and AC (400Hz) power
supply, respectively. A group of magnetic-shielding
materials containing magnetic-shielding flakes, of
which weights per unitary area (kg/m?) vary serially,
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were used o obtain the characteristic carve. In this
Example, applied magnetic field was 1 gauss. The
results obtained are graphically represented in
Fig.4.

For comparison are shown also the resuits of
similar measurement of an undirectional silicon
steel sheet of 0.5mm thick commercially available.

~ In this example, the resuits yielded by application

of DC and AC (or static or alternating magnetic
field), respectively, were substantially the same.
The material obtained in this example gave sub-
stantial the same value with 1kg/m? as that with
4kg/m?) of the undirectional silicon stes! sheet used
as reference, this demonsirates that the former with
about 1/4 by kg/m? of the latter,is equivalent in
magnetic-shielding ability to the latter. It is a matter
of course that increase in weight/m? of material
contributes to improvement in magnetic-shielding.

Example 2

Except that the amorphous alloy flakes ob-
tained in Example 1 were uniformly distributed
under reduced pressure of 1 Torr, all were carried
out in the same way as in Example 1 to aitain
magnetic-shielding materials in the form of con
struction sheet.

The obtained magnetic-shielding materials
were measured in the same way as in Example 1,
and the yielded results are as graphically shown in
Fig.5, in which the resulis of the undirectional sili-
con steel sheets of 0.5mm thick as reference are
shown, t00.

As Fig.5 shows, against static magnetic field, -
the magnetic-shielding ability with 0.4kg/m? is sub-
stanfially equivalent to that of the undirectional sili-
con steel sheet In other words, the equivalent
magnetic-shielding ability is attainabie with 1/10 by
kg/m* compared with the reference, this enabling
greaily lessening necessary weight of magnetic-
shielding material. Besides substantially the same
magnetic shielding ability as against static mag-
netic field was exhibited against alternating mag-
netic field.

Fig.6 shows graphically the comparative results
of the material of this Example (1.8kg/m? and the
reference (undirectional silicon sieel sheet of
4kg/m®) measured at varying strengths of im-
pressed magnetic field.

As seen from Fig.6, the material obtained in
this Example, with less than a half by kg/m? of the
reference, exhibited remarkably superior magnetic-
shielding ability at any applied magnetic field
strength. Complete shielding by this material is
shown against the terrestrial magnetism.
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Example 3

In the same way as in Example 1, amorphous
alloy flakes of a chemical composition Fe;,Co,SisB s
were prepared, and the properties measured were
magnetostriction +40 * 10~% saturated magnetic
flux density 16500 gausses, average thickness
40um and aspect ratio 200 to 500.

Using the amorphous alloy flakes, magnetic-
shielding materials in the form of construction
sheet were manufactured under reduced pressure
of 1 Torr in the same way as in Example 2.

Leakage flux measurement was carried out in
the same as above-mentioned, of 2 types of
magnetic-shielding materials, one obtained in this
Example and the other containing CoggsFe4.2Si:B;,
flakes obtained in Example 2. A static magnetic
field of 2 gausses was applied. The obtained re-
sults are graphically represented in Fig.7.

The magnetic-shielding material containing the
CosFe.2Si6B,; amorphous alloy flakes (referred to
as Cogg sfe 425iB., laminated .material) exhibited a
good magnetic-shielding ability against weak mag-
netic field of about 1 gauss as above-stated in
Example 1 but was slightly inferior to the magnetic-
shielding material containing the Fe,»C0:SisB s
amorphous alloy flakes (referred to as Fe;,C0,SisB.s
laminated material) against a strong magnetic field
of 2 gausses because of its lower magnetic flux
density of 7000 gausses. On the other hand,
against a strong magnetic field of 2 gausses, the
Fe;CosSisB:s laminated material which had a higher
saturated magnetic density exhibited with smaller
kg/m? a superior magnetic-shielding ability to that
of the CogggFesz SieB. laminated material. Within
the range of up to about 1 kg/m? the Fe,,C0.SisBs
laminated material exhibited superior magnetic-
shielding ability.

Exampie 4

Two types of CogggFessSiB,y and
Fe,,C0:SisBis amorphous alloy flakes obtained in
Example 1 and 3 were blended together in mixing
ratio of 1 to 1, and processed under reduced
pressure of 1 Torr in the same way as in Examples
2 and 3, respectively, into a magnetic-shielding
material of 1 kg/m? in the form of construction
sheet.

This magnetic-shielding materials and the un-
directional silicon steel sheet (thickness 0.5mm,
4kg/m?) as reference were measured about leakage
flux at varying strengths of static magnetic field
applied.
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The yielded resuits are graphically represented
in Fig.8, which indicates that the material obtained
in this example with 1/4 by kg/m? of the reference
exhibited much good magnetic-shielding ability
compared with the reference.

Example 5

Following the cavitation technique were pre-
pared two types of amorphous alloy flakes, one
having a chemical composition CogggFes2 SiBi
average thickness 40um and aspect ratio 3 to 10
(as reference) and the other which is the same
except for aspect ratio of 50 to 100. Aspect ratio
can be changed with circumferential speed of the
running roller.

Amorphous alloy fiakes (a predetermined
amount) of each of the above-mentioned types
were distributed and set between two sheets to
form a magnetic-shielding material in the same
way as in Exampie 1, which were measured about
magnetic-shielding characteristics.

The yielded resulis, as graphically shown in
Fig.9, demonstrates that the reference (aspect ratio
3 to 10) exhibited a lower magnetic-shielding ability
than that of the material of aspect ratio 50 to 100.

Moreover amorphous alloy flakes of less than
5um thick failed to be prepared, and similar alloy
flakes obtained exceeding 100m in thickness was
observed to coniain crystailine portions.

The results yielded in these Examples dem-
onstrates the features and effects of the magnetic-
shieiding materials according to the invention as
summarized in the following:

(1) The structure in which soft magnetic
amorphous alloy flakes are laminated produces
small coercive force and high magnetic permeabil-
ity, with the resultant remarkably good magnetic
shielding ability, which enabling effective shielding
against external magnetic field.

(2) The amorphous alloy flakes of thickness
5 to 100um and aspect ratio 10 to 15000 can be
contained in compact state or minimized space in
the magnetic-shielding material, contributing to effi-
cient magnetic-shielding. '

(3) The above-stated dimensions of the
amorphous alloy flakes permits easier lamination of
them with the effect of high producibility of
magnetic-shielding material.

it is a matter of course that, instead of cobait-
based and iron-based amorphous alloy flakes used
in Examples above-described, those containing as
base constituent nickel, or any mixture of at least 2
selected from the group consisting of cobalt, iron
and nickel may be used.
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It will be evident that various modifications can
be made to the described embodiments without
departing from the scope of the present invention.

Claims

1. A magnetic-shielding material comprising a
laminated-siructure layer of soft magnetic amor-
phous alloy flakes, said soft magnetic amorphous
alloy flakes being of 5 to 100um thick and 10
-15000 in aspect ratio (ratio of maximum length to
maximum thickness).

2. A magnetic-shielding material as claimed in
Claim1 wherein said soft magnetic amorphous alloy
flakes are of 20 to 60um thick and 10 fo 10000 in
aspect ratio.

3. A magnetic shielding material as claimed in
Claim 1 or 2 wherein constructively said iaminated-
structure layer of soft magnetic amorphous alloy
flakes is interposed between nonmetal sheets.

4. A magnetic shielding material as claimed in
Claim 1 wherein said soft magnetic amorphous
alloy flakes are cobalt-based amorphous alloy
flakes of magnetostriction (-10 to +10)*10~° and
magnetic permeability 1000 or more.

5. A magnetic shielding material as claimed in
Claim 1 wherein said soft magnetic amorphous
alloy flakes are iron-based amorphous alloy flakes
of magnetic flux density 12000 gausses or more.

‘6. A magnetic shielding material as claimed in
Claim 1 wherein said soft magnetic amorphous
alloy flakes are composed of cobalt-based amor-
phous alloy flakes of magnetostriction (-10 to
+10)*10~°* and magnetic permeability 1000 or
more and an iron-based amorphous alloy flakes of
magnetic flux density 12000 gausses or more.

7. A magnetic shielding material as claimed in
Claim 1 wherein said soft magnetic amorphous
alioy flakes are laminated in the state uniformly
distributed and directed at random.

8. A magnetic shielding material as claimed in
Claim 1 wherein said soft magnetic amorphous
alloy flakes are flaked or squamose pieces.
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